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BRIEF  OUTLINE  OF  RESEARCH  FINDINGS 


Overview 

Optically-trapped,  strongly-interacting  Fermi  gases  are  models  for  exotic  strongly- 
interacting  systems  in  nature.  For  this  reason,  tabletop  experiments  with  strongly- 
interacting  atomic  Fermi  gases  can  provide  measurements  that  are  relevant  to  all 
strongly-interacting  Fermi  systems,  thus  impacting  theories  in  intellectual  disciplines 
outside  atomic  physics,  including  materials  science  and  condensed  matter  physics 
(superconductivity),  nuclear  physics  (nuclear  matter),  high-energy  physics  (effective 
theories  of  the  strong  interactions),  astrophysics  (compact  stellar  objects),  the  physics 
of  quark-gluon  plasmas  (elliptic  flow),  and  most  recently,  string-theory  (minimum  vis¬ 
cosity  hydrodynamics). 

Recent  experiments  have  been  carried  out  in  a  three  dimensional  geometry,  where 
the  adiabatic  local  density  approximation  is  valid.  The  purpose  of  this  program  is 
to  explore  strongly-interacting  Fermi  gases  in  a  two-dimensional  pancake  geometry, 
where  the  simplest  approximations  break  down. 

Findings 

In  the  first  period  of  research  in  this  program,  we  constructed  an  entirely  new 
laboratory  that  is  dedicated  to  experiments  using  a  standing  wave  CO2  laser  trap. 
This  system  is  now  fully  operational,  and  is  based  on  an  extremely  compact  all-optical 
trapping  and  evaporative  cooling  method. 

By  using  a  standing  wave,  we  produce  a  periodic  trapping  potential  with  a  5.3  /i 
spacing.  With  2000  atoms  per  site,  we  obtain  a  quasi- two- dimensional  geometry, 
where  the  Fermi  energy  in  the  weakly  confining  transverse  direction  is  smaller  than 
the  energy  level  spacing  in  the  tightly  confining  axial  direction.  We  confine  a  50-50 
mixture  of  the  two  lowest  spin  states  of  6Li,  and  tune  a  bias  magnetic  held  to  a  broad 
Feshbach  resonance  at  834  G  to  enable  magnetically  tunable  interactions. 

We  had  two  unexpected  breakthroughs  after  the  new  laboratory  became  opera¬ 
tional.  We  realized  in  2005  that  it  was  possible  to  measure  the  energy  of  the  gas  at 
resonance  (in  the  unitary  regime)  in  a  model  independent  manner.  To  do  this,  we 
proved,  theoretically  and  experimentally,  that  the  virial  theorem  holds.  This  permits 
the  total  energy  of  the  gas  to  be  related  simply  to  the  cloud  size,  despite  the  fact 
that  the  unitary  gas  is  a  complicated,  non-perturbative  many-body  system  [Phys. 
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Rev.  Lett.  95,  120402  (2005)].  We  realized  that  the  entropy  of  the  gas  could  be 
measured  by  adiabatically  sweeping  the  bias  magnetic  field  to  a  weakly  interacting 
region,  where  the  cloud  size  determines  the  entropy.  Using  these  ideas,  we  made  the 
first  model-independent  study  of  the  thermodynamic  properties  of  a  unitary  Fermi 
gas,  providing  energy  and  entropy  data  that  now  is  used  as  a  benchmark  for  the 
theory  groups  [Phys.  Rev.  Lett.  98,  080402  (2007)].  This  data  was  taken  in  a  single 
beam  trap,  to  provide  reference  data  for  future  experiments  in  the  two-dimensional 
trap. 

We  also  developed  a  new  radio  frequency  spectrometer  in  the  new  laboratory, 
with  the  plan  of  measuring  the  pairing  energy  in  the  quasi-two-dimensional  gas.  For 
calibration,  we  began  by  measuring  the  spectrum  in  a  single  beam  trap  in  the  weakly 
interacting  regime  near  528  G,  where  the  scattering  amplitude  is  very  small  and 
tunable  between  positive  and  negative  values.  To  our  surprise,  we  discovered  large 
amplitude  spin-waves  [Phys.  Rev.  Lett.,  101,  150401  (2008)].  The  regime  of  the 
experiments  is  far  from  equilibrium.  Our  work  was  highlighted  in  a  Viewpoint  Article 
[Physics  1,  27  (2008)],  which  connected  it  to  the  condensed  matter  field  of  spintronics. 
Indeed,  I  have  been  invited  to  a  conference  in  Utrecht  in  January,  2010  that  connects 
cold  atoms  to  the  field  of  spintronics. 

Following  these  initial  experiments,  we  began  to  characterize  the  quasi  two  di¬ 
mensional  gas  in  the  standing-wave  trap.  We  have  already  obtained  initial  data  on 
collective  modes.  We  have  also  measured  three-body  inelastic  loss,  which  is  highly 
suppressed  by  the  Pauli  exclusion  principle  in  two  state  Fermi  gas  mixtures.  Fi¬ 
nally,  we  have  obtained  initial  radio  frequency  spectra.  We  expect  the  discrete  axial 
quantum  states  will  cause  the  local  density  approximation  to  break  down,  and  the 
thermodynamic  properties,  such  as  the  entropy,  will  exhibit  discrete  features.  The 
very  high  atomic  density  that  is  attainable  in  the  tightly  confined  standing  wave  trap 
is  predicted  to  produce  new  bound  states.  In  the  near  future,  we  plan  to  correlate 
radio  frequency  measurements  of  the  pairing  gap  with  measurements  of  the  inelastic 
decay  properties.  These  standing  wave  experiments  are  the  first  to  explore  a  meso¬ 
scopic  two-dimensional  gas,  where  several  thousand  atoms  are  confined  in  each  site. 
We  expect  that  these  studies  will  be  very  rich  in  new  results. 
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